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Continuing concern has been expressed by state and regional
planning bodies, researchers, and the public over the adequacy of
available water supplies to sustain Colorado's growth of
population and economic activity. Policy makers require
information relating Colorado's economy and water use as input to
the decision making process. It is the relationship between
economic activity by sector and the direct and indirect water
requirements that constitutes the focus of this research.
Measurement of the direct and indirect water requirements by
sector for Colorado requires measurement of the direct and
indirect economic activity created as a given sector expands
output. Thus an economic input-output (I/O) model is needed in
order to address the indirect effects of sector expansion (or
contraction) on water withdrawn and consumed. Current water
withdrawn and water consumed by economic sector must be estimated
in order to calibrate the input-output model for water.
The report includes a descriptive analysis of the current
interdependence among producing sectors of the Colorado economy
as well as sector-by-sector water use, income, and employ.ent.
Resource Requirement Analysis with the I/O Technique
The I/O modeling technique traces spending flows within the
Colorado economy, in order to measure the direct, indirect, and
induced effects on income and wealth in the state created by
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changes in sales to final demand. The I/O technique also
measures changes in resource input requirements (such as water)
created by changes in sales to final demand. The method assumes
that growth or decline of the economy is due to changes in sales
to final demand and growth created by increased productivity is
ignored. Examples of final demand change include: growth or
decline of exports of goods and services by firms in the region;
spending in Colorado by tourists, or other non-resident
travelers; retirement income or other receipts l fro. outside the
state by residents of Colorado; new investment and sales made to
the federal government or other buyers located outside Colorado.
The relative importance of each industry in terms of total sales
and in terms of final demand sales as a driving force for the
Colorado economy is shown in table 5.
Finance/insurance/real estate (F/I/R/E), non residential
construction, machinery and equipment manufacturing, services,
retail, transport, health services, food aanufacturing, other
manufacturing, and restaurants were the ten largest industries in
terms of volume of sales in 1982. If the various fara and
ranching sectors are grouped as agricultural production they
would rank 7th in sales. If food manufacturing, which is ranked
8th, and livestock processing (12th) is combined with
agricultural production then the agriproducing/processing sector
ranks 2nd in sales. Thus, agricultural sales volume ranks among
1 For example, in some Colorado counties, federal government




the largest for the Colorado economy. Agriculture is also noted
for its relatively high water input requirements. 2 The Census
of Agriculture shows agriculture accounting for 68.1 percent of
water withdrawals in Colorado for 1969 and 71.1 percent of
withdrawals for 1978. The Colorado Water Policy Plan (1982)
shows agriculture accounting for 78.3 percent of consumptive use
of water for 1982. Our estimates of current withdrawal and
consumptive use of water by Colorado agricultural sectors are
TABLE 1 ESTIIATED COLORADO AGRICULTURAL VATIR RIQUIIBlIITS
BtUlated
IIPLAI Colorado Ag. Statistics Iltiuted Vater Reqairelefttl
Industr, I/O Sales 'al.Prod Acre-feet vater Gallots/hales
110. CategorY 1IiL1l. Itels iDcIuded 1IiL1l. ITBDlD ~ mDI.. CU
1 Dair, 141.55 Dair, products 138. TO 2,Til 2,111 &.0 6.0
2 Poultrl 73.18 Ttrte,.chic.,eggs 69.18 1,286 1.285 5.7 5.'
3 RanchiDg 439.00 Beer eo,·cal f 454.50 18,14& 18,14' 13.5 13.5
4 Feedlots 1,323.85 Cattle 08 feed 1.224.00 10,182 10.182 2.5 2.5
5 Sheep &0.17 All ,.eep l vool 51.40 1.330 1.330 7.2 T.2
& logs &&.44 Hogs &2.30 581 586 1.9 2.9, Other LS 119.03 lorles,bees ,.oals, 13.&0 2.2t9 2,299 6.3 '.3
rabhits, etc.
8 Food crail 312.75 'beat 294 .&1 158,877 102.435 165.5 10&.7
9 Feed ,rain 416.04 en,GS,Barle"Oats 439.15 2,148,421 1,441,111 1.470•• 91i.4
10 RaJ/past. 216.00 All Ra" Pasture 235.24 3.380,048 2,024,343 3,198.6 2,310.0
11 Vegetables 130.85 'ecetablel,Potato 104.44 28&,108 127,960 513.3 318.1
12 Sugarbeet. 3'.00 Su,arheets 31.10 19,518 54,111 719.7 496.1
13 Other crop 51.09 BelDl,Seed crops, 15.58 241,T&3 lU,819 1,379.9 820.9
orc.ards,lufsef1s
Total LS 2,228.82 Total Livestock 2,014.00 36,540 36,540 5.3 5.3
Total crop 1,288.13 Total Crops 1.181.81 ',214,134 3.894.485 1.571.4 984.7
Total Agr. 3,517.55 Total Agriculture 3.195.81 6.251,214 3,931,824 579.1 3&4.2
1 COlplete detailed industr1 dollar tr&18IctioDI-along-
sectors and percentage distributioDs of Illes aDd purchases for
the Colorado eCODOll are shOll in appendices I, 111 and III.
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shown in table 1. Our estimate of total withdrawals by
agriculture of 6,251,274 acre feet lie between the 1969 and 1978
Census of Agriculture figures of 6,689,752 acre feet and
5,589,914 acre feet. Our estimate of total consumptive use by
agriculture is 3,931,024 acre feet which is 95.3 percent of the
figure used in the Colorado Water Policy Plan (1982) of 4,125,000
acre feet for 1982.
Our estimates of water withdrawn and eonsu.ed in Colorado by
all industries and agencies in Colorado is shown in table 2. In
addition to agriculture, other major water using sectors in
Colorado include: households, electric power generation, other
mining, other construction, refining, oil/gas extraction, other
manufacturing, health services, lodging, finance/insurance/real
estate and food manufacturing.
TABLE 2 ESTIMATED WATER WITHDRAWAL AND CONSUNPTION
















































































































































Employ.ent impacts are another important application of the
I/O technique. Employ.ent opportunities are of particular
concern in Colorado in the late 1970's and 1980's with concurrent
declines of the energy, mining, and agriculture sectors which are
very important to Colorado's economy. The unemployment rate for
Colorado increased rapidly, from 5.6X to 7.1X, between 1984 and
1986. Four agricultural counties in the eastern Colorado high
plains: Sedgewick, Prowers, Washington and Logan counties had
unemployment rates exceeding 7X in 1986. The unemployment rate
in the energy and mining counties included: Mesa county over l1X
in 1986, Garfield county 9.22X, Moffat 12.19X, Rio Blanco 7.69X,
and Rout 8.10X. In south west Colorado, La Plata and Montezu.a
counties had unemployment rates of 8.43% and 12.87X respectively.
The highest unemployment rates in Colorado in 1986 were found in
Costilla 22.68X, Conejos 19.86X, San Juan l8.77X, Saguache
17.56X, Lake 17.29X, and Huerfano 14.72X. Twenty of the 63
Colorado counties had unemployment rates over lOX in 1986. Only
Summit county had an unemployment rate below 4X. Chronic
unemployment and underemployment plague many areas of Colorado.
TABLE 3 COLORADO EMPLOYMENT BY INDUSTRY
ElploJlent l Percent of Total
1 DAIRY 2,101.9 0.19
2 POULTRY 182.4 0.05
3 RANCHING 4,189.5 0.29
4 FEEDLOTS 12,615.6 0.86
5 SHEEP/GOAT 511.5 0.04
6 HOGS/PIGS 642.1 0.04
1 LVSTI NRC 1,323.8 0.09
8 FOOD GRAIN 8,390.8 0.57
9 FRRD GRAIN 5,180.4 0.35
10 BAY/PAST. 2,690.2 0.18
11 VEGETABLES 3,596.9 0.25
12 SUGARBRETS 1,021.1 0.01
13 CROPS NEC 3,931.8 0.21
14 AG SERVICE 9.991.6 0.68 3.21 by ago producers
15 COAL HINES 4,534.0 0.31
16 OIL/GAS El 3,885.9 0.27
11 HINING NEC 5,491.0 0.38
18 RES CONSTR 23,400.5 1.60
19 COMSTR NEC 88,813.3 6.08
20 L8 PRD HFG 6,148.0 0.46
21 FOOD HFG 21,907.1 1.49
22 AG INPUTS 1,601.6 0.11
23 WOOD/PAPER 8,892.1 0.61
24 PRINT/PUBL 11,351.1 1.19
25 REFINING 4,334.3 0.30
26 MACH/EQUIP 96,104.5 6.57
21 MANUFI NRC 54,206.3 3.11
28 TRANSPORT 41,591.5 2.85
29 COHHUNICAT 21,408.5 1.81
30 ELECT GENR 5,906.2 0.40
31 UTILITIES 4,688.0 0.32
32 WHOLESALE 80,680.3 5.52
33 RETAIL 140,109.1 9.63
34 F/l/R/E 95,032.0 6.50
35 LODGING 28,269.6 1.93
36 SERVICES 115,232.8 7.88
37 FOOD/DRINK 106,001.4 7.25
38 AUTO SEIV 13,016.3 0.89
39 AMUSEHENTS 11,849.1 1.22
40 HEALTH SEI 16,215.2 5.21
41 SCHOOLS 17,622.1 1.21
42 COLLEGES 9,911.5 0.68
43 ASSOC NEC 21,679.0 1.48
44 FED GOYT 11,916.2 0.82
45 Sf/LOC GOV 253.611.5 11.35
TOTAL 1,461,921.0 100.00
SOURCE: IKPLAN, Forest Service, USDA.
1/ Full tile equivalent workers.
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Table 3 shows e.ploy.ent indicated by IMPLAN (Alward and
Palmer, 1981) for 1982 disaggregated to the industries and
agencies described by our IMPLAN-based I/O model for Colorado.
The ten largest employers in the state include: state and local
government, retail, services, food/drink, manufacturing of
machinery and equipment, F/I/R/E, non-residential construction,
wholesale, health services, and other manufacturing. If faras,
ranches, and food processors are aggregated to a single sector
then agriproducing/processing ranks 9th with 77,368 e.ployment in
1982.
Net value created by industry is a useful indicator of the
standard of living that is created in Colorado. Table 4 shows
payroll (wages and salaries) and value added for Colorado
industries. The top ten sources of payroll are: state and local
government, non-residential construction, machinery and equipment
manufacturing, services, retail, F/I/R/E, health services,
transport, other manufacturing, and food/drink. If return to
entrepreneurs and capital is included with payroll to .easure
value added, then the top ten industries are: F/I/R/E, state and
local government, services, machinery and equipment
manufacturing, non-residential construction, retail, health
services, transport, communication, and oil/gas exploration.
The major "basic" industries in Colorado are those which
create sales to final demand and thus create business for local
supply sectors. Table 5 shows the percent of total sales sold to
9
*final demand for industries in Colorado. The larger the
proportion of a sector's output that is sold to final demand the
more "basic" that sector is said to be. Conversely, a sector
which sells mainly to local producers and consumers is termed a
"service" industry whose sales can only exist if the "basic"
industries create sales to final demand. The industries with the
strongest final demand aarket orientation include: residential
construction, food grain farms, coal mines, non-residential
construction, agricultural inputs, machinery and equipment
manufacturing, mining, other manufacturing, food aanufacturing,
oil/gas exploration, and universities. Some of these basic
industries are quite small and although they are strongly basic
they are not all important sources of stimulus to the Colorado
economy.
Basic sectors can also be defined in teras of their total
sales to final demand. Using this criterion; non-residential
constructio~, machinery and equipment aanufacturing,
finance\insurance\real estate, residential construction, other
manufacturing, food manufacturing, transportation, services,
oil/gas exploration, and retail are the top ten basic industries
in Colorado. The rankings of sectors, of course, depend upon the
somewhat arbitrary definitions of the industries. For example,
if all agricultural producers are combined, then far.ing and
ranching ranks 9th in sales to final demand and if livestock
processing and food manufacturing is included then agri
producing/processing ranks 5th in sales to final de.and. Other
10









7 LVSTI NBC 7,813,300.
8 FOOD GRAIN 17,726,600.




13 CROPS NEC 18,104,500.
14 AG SERVICE 98,361,900,
15 COAL NINES 169,743,600,
16 OIL/GAS EX 174,531,600.
17 KINING NEC 149,656,900.
18 RES CONSTa 616,210,500.
19 CONSTi NEC 2,485,395,000.
20 LS PRO KFG 186,605,300.
21 FOOD KFG 448,940,900.





27 NANUFR NEC 931,803,000.
28 TRANSPORT 1,208,521,000.
29 COMHUNICAT 714,012,100.








38 AUTO SRRV 291,667,900.
39 AMUSEMENTS 165,725,900.
40 HEALTH SER 1,453,452,000.
41 SCHOOLS 12,211,500.
42 COLLEGES 241,516,600,
43 ASSOC NEC 288,189,900.
44 FED GOYT 313,641,.00.
















































1/ The SUI of payroll, profits and property incole.
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"sectors" not delineated here have been shown to have iaportant
export sales; two examples are the non-resident spending on
hunting and fishing in Colorado (McKean and Nobe, 1983 and 1984)
and exports by the ski industry. These "sectors" are bidden in
the data presented here. For example, both hunting and fishing
and skiing spending are included in such sectors as; retail,
services, lodging, food/drink, transport, auto services,
amusements, health services and manufacturing.
In this study, the accounting focus is on state rather than
either local or national i.pacts. The presence of adequate
amounts of the water resource in Colorado has allowed economic
growth to develop along different patterns than if water were
less available. An I/O model for Colorado is used to estimate
the indirect and induced input requirements of water throughout
the state economy as any given sector expands sales to final
demand. Thus the total water .ultiplier effect tor an industry
is estimated as the sum of the direct, indirect, and induced
water requirements as a given industry expands sales to final
demand or output. A multiplier based upon final demand presumes
that final demand is exogenously determined whereas a multiplier
based upon output assumes that output is exogenously determined.
An example of the former would be federal programs creating
spending in Colorado but determined outside Colorado or exports
to consumers and business outside Colorado. An exaaple of
exogenous changes in output driving the economy might be a
decision at the national level to create far. land set asides or






































































































































1/ Excludes sales by governlent agencies of Colorado or agencies located in Colorado.
2/ Final Deland excludes Colorado households.
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by the u.s. Forest Service to restrict logging activity on public
lands or a shortage of water available for irrigation.
The IMPLAN Input-Output Data
In the past, data necessary to construct regional I/O tables
were expensive to procure. Affordable data to implement the I/O
model are now available from the Rocky Mountain Forest and Range
Experiment Station, Forest Service, USDA located in Fort Collins,
Colorado. These county-level data are estiaated or "synthesized"
from the national I/O model rather than based upon personal
interview survey as in the conventional I/O study.
The 1977 Bureau of Economic Analysis I/O data for the United
States have been updated to 1982 by Engineerinl-Econoaics
Associates under contract to the Forest Service for the IMPLAN
system Alward and Palmer, 1981). IMPLAN I/O data are available
only to government agencies and universities through the USDA
I MPLAN computerized data retrieval and I/O model synthesizer
program. The USDA IMPLAN computer system can be operated via a
series of user job submissions to create data sets corresponding
to any county or combination of counties (within a state) in the
United States. 3
3 In order to access IMPLAN, a user account .ust be set up
on the U.S.D.A. Univac computer located at the Craddock Building
in Fort Collins. The Implan system was used in co.bination with
the IMS I/O Analysis computer program (1988) to generate,
retrieve, store and analyze the Colorado I/O data. The data for
each county consist of a 528 x 528 aatrix containing as many as
278,784 observations on transactions among industries. Four
14
ANALYSIS OF THE ECONOMY OF COLORADO
Introduction
An economic description of the state economy is included in
this report. This description of the econo.y hinges on two major
components of the interindustry model. These components are: the
transactions-among-sectors table showing spending flows a.ong
industries and agencies in Colorado; and the total require.ents
multipliers which measure the cumulative spending and e.ployment
and water use impacts of changes in sales to final de.ands or
output. 4 These tables are discussed and interpreted in turn.
Because of the size of the transactions-among-sectors table, it
is presented in appendix I.
Total require.ents multipliers pertain to both econo.ic and
resource inputs. Multipliers calculated for Colorado show the
impacts of new final demand sales on: water withdrawal, water
consumptive use, industry sales, employment, payroll and
Colorado's balance of trade with the rest of the world. 5
Generalized growth multipliers (Gray, McKean, Sparling, 1979) are
additional matrices are retrieved containing iaports, exports and
employment by the 528 industries.
4 Processing of the input-output data was accomplished on
program IMS. (McKean and Johnston,1988)
5 Trade balance .ultipliers show the change in wealth in
Colorado per dollar of exports of a given industry. Trade
balance multipliers are found by subtracting the aultipliers in
the import row of the inverse from one.
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also presented for industry sales', withdrawal and consu_ptive
use of water, and for e.plo~ent.
The Transactions-Among-Sectors Table
The first essential co.ponent of any I/O study is the
tabulation of data which describe the dollar flows of co.modities
and merchandise fro. each supplying sector to each purchasing
sector. These flows are typically measured over a one year time
period (1982). The information is arrayed with the selling
sectors listed at the left of the table and the purchasing
sectors listed across the top. The information in this table.
/
termed the transactions-among-sectors table does two things
simultaneously: it identifies the estimated dollar value of sales
by sector to each of the other sectors, or it identifies the
purchases of inputs for processing by each sector fro. each of
the other sectors, and it shows sales for final consumption.
In essence, the information contained in the transactions-
among-sectors table represents a double-entry system of
bookkeeping in which every sale is si.ultaneously described as a
purchase. Figure 1 shows the quadrants of a transactions-
among-sectors table. The Major portion of the table is in
quadrant 1 where all the intermediate processing sales
(purchases) are displayed. Intermediate processing includes all
6 See the final column (row su.s) of the interdependency
matrix in appendix VI. The row sums show the cumulative impact
on industry sales for the industry at the row head if all sectors
expand sales to final demand by one dollar.
16
producers, handlers, dealers and merchandisers who create
products and services. When the production process is completed,
these products and services are sold to sectors listed in
quadrant 2 of
ricure 1. SClIlATIC or AI I/O TRAISACTIOIS TABLE
SHOVING TIl JOUR QUADRANTS or ACCOUNTS
QUADIAI! 4
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the table. Quadrant 2 shows the purchases for final use by state
and federal government, capital foraation, or exports. Goods and
services sold for final use are those which will not receive any
further processing within Colorado. Thus goods sold for final
use are either consumed locally or shipped out of the state.
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Quadrant 3 shows sectors which supply inputs in Colorado but do
not make purchases in the state. Purchases from these sectors
are termed "leakages" since the money is not returned to the
Colorado economy. Imports are the primary outlays in Quadrant 4
but profits, interest, savings and taxes are other forms of
leakages also included in this quadrant.'
Colorado Transactions-Aaong-Sectors
The transactions-among-sectors table for the state of
Colorado is found in appendix I. A detailed description of the
industry and agency sectors in the I/O model is shown in appendix
VI.
The rows and columns of the transactions-saong-sectors which
are numbered 1-46 identify the intermediate processing sectors
(sector 46, households may be excluded in some analyses). This
quadrant of the transactions-among-sectors table shows purchases
and sales by the local producers, services, and merchandisers in
Colorado.
Final demands, i.e. the de.ands for goods and services that
will not be further processed in Colorado are identified in
columns 47-55.
Rows 47-51 contain the final payments sectors. These
payments are for inputs not provided by local suppliers
(imports), or for profits, savings and taxes. All final payments
, See Appendix V for a .ore co.plete description of the I/O
technique and a mathematical formulation of the .odel.
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are leakages from local spending. Thus the entries in rows 1-46
are receipts to the sectors listed at the left of the table who
are located in Colorado. Entries in rows 47-51 are receipts of
firms located outside the state. government receipts. or
withdrawals from the spending stream in the fora of savings.
The distribution of total output of each sector. according
to the sectors in which the output is sold. .ay be readily
discerned by reading across the rows of the transactions-among-
sectors table (appendix I). The bill of purchases by each sector
is found by reading down any column of the table. These column
entries show the allocation of purchases among industries.
For example. consider sector 1. dairy. Dairy sells $9,600
of output within the sector, $27,900 to poultry, $3,201,300 to
ranches, and so on across the row. At the right of the table.
dairy sales to final demand sectors are shown. For example,
dairy sales to domestic exports are $22,476,900. Dairy total
sales were $146,551,400 as shown by the row (and column) total
for dairy.
The distribution of purchases by the dairy sector is shown
in column 1. Purchases by dairy fro. dairy are $9,600, from
poultry are $2,100, from ranching are $205,600, and so on down
the column. Total spending by the dairy sector, shown at the
foot of the column, is $146,551,400 just equal to the sales shown
by the dairy row total. All intermediate processing sectors in
the I/O model show spending equal to sales. This accounting
equality is brought about by including saving and profit as items
19
in the spending column.
Other information can be obtained directly from the
transactions table. The household row (row 46) represents wages
paid and self employment income. Similarly» industry payments to
local and county taxes (row 47) may be obtained from the
transactions-among-sectors table.
While these and other items, obtained directly from the
transactions-among-sectors table, are useful as initial
indicators of the relative importance of each sector in the
state's economy, the important question of interdependencies is
not yet addressed.
Definitions and Conventions of the IMPLAN I/O Table
The IMPLAN data base is the 1977 Bureau of Economic Analysis
I/O table updated to 1982. Production is classified into 528
industry/commodity categories. Margins: The I/O tables do not
trace actual flows of commodities to and from trade. If trade
were shown as buying and reselling commodities, industrial and
final users would make most of their purchases from a single
source - trade. To show the links between the production of
commodities and the purchases of the. by industrial and final
users,commodities are shown as if moving directly to the users,
bypassing trade. Production in trade is .easured by the aargin,
which is defined to consist of operating expenses, profits, sales
taxes, excise taxes, and customs duties. The margin associated
with as commodity is shown as a separate purchase from trade by
20
the user of the commodity. The commodities are valued at
producer's prices which exclude distribution costs (trade margins
and transport costs). They are defined to include excise taxes
collected and paid by the producer. As in the case of trade,
transportation cost is shown as a separate purchase by the user
from the transport sector. Multiple product fir.a: Secondary
products of multiple products producers are "redefined", i.e. are
excluded from the primary industry sales of the multiple product
producer and attributed to the industry/commodity category which
they belong. Two kinds of "redefinition" took place.
Construction work by any industry, manufacturing by trade and
services, wholesaling by manufacturers, and rental by all
industries were reallocated to the respective primary industries
e.g. construction, manufacturing, wholesale or real estate and
rental respectively. It was assumed that these reallocations
purchased inputs in the proportions for the sectors to which they
were reallocated. All other joint production that was
reallocated was incorporated in its primary sector under the
assumption that inputs were purchased in the proportions from
which the production was reallocated.
The result of the above manipulations of the I/O data imply
that industry outputs do not aatch those shown in other
government publications. The largest reduction will be in the
trade sectors where only the value added by trade is shown in
place of total sales. Other sectors will vary either up or down




The use of demand driven I/O multipliers to identify the
sectors of the economy which can provide the greatest boost to
income and employment is well known among regional scientists.
These multipliers are termed "backward-linked" or input
requirement multipliers since they show the dollar a.ount (or
physical amount) of inputs that are directly and indirectly
required, throughout the economy, for a one unit change in sales
to final demand in any given industry. Typically the added sales
to final demand are industry exports although government
purchases and support payments might also be important in some
instances. 8 In contrast, a forward-linked multiplier would
reveal the effect of a new input supply to attract downstream
user industries. For example, the creation of a new supply of
irrigation water might attract new farm producers in an arid
region if it had a suitable growing climate and adequate demand
for farm products. Generally such forward links are much less
consistent and predictable then are backward (input requirement)
links and thus I/O forecasting usually measures only backward
linked effects.
Conceptually, the profit-motivated intermediate processing
sectors of the economy must always move toward a stable
8 For example, impacts of federal -de f e ns e industry
operations are large in the Denver metropolitan az-ea,
equilibrium where
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sales equal receipts in each industry.
Receipts can be disturbed when final demands such as exports or
government purchases fro. industry change. Changes in final
demand set off a series of transactions as each industry responds
to either direct or indirect changes in their demands. An
example of direct change in demand would occur if lodging exports
increased, while an example of an indirect demand change could be
the response of hotels and motels to increase output and in so
doing they purchase more labor, supplies, electricity and similar
inputs thus creating the indirect or "derived" demand for other
sectors of the economy.' When the other sectors find their
demand rising they too will buy more inputs and thus the original
export change causes a series of reactions and reverberations
throughout the economy. These reverberations gradually die out
since during each round of spending part of the spending leaks
out to saving, taxes, and imports. The greater the leakage the
faster the effects die out and the smaller the multiplier effect
will be. 1 0
Multiplier effects are usually distinguished as "type I" or
"type II." Type II multipliers include households in the
9 In addition to the added dollar spending on inputs, the
I/O model can be calibrated to project physical input
requirements. Appendix VII shows selected technical input
requirements (some in dollars and some in physical units); these
are the inputs per dollar of sales of a given sector and exclude
the indirect spending requirements on themselves and on other
sectors in the economy.
10 A more detailed description of the input-output technique
is shown in appendix V.
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TABLE 6 BUSINESS MULTIPLIERS FOR COLORADO
Business sales created throughout the econolY for a $1 sale to final
deland by the sector listed.
HAME (RANK) MULTIPLIER TYPE I NAKE (RANI) MULTIPLIER TYPE II
1 DAIRY ( 12)
2 POULTRY ( 17)
3 RANCHING ( 8)
4 FEEDLOTS ( 4)
5 SHEEP/GOAT ( 31
6 HOGS/PIGS ( 6)
7 LVSTI NEC ( 11
8 FOOD GRAIN ( 9)
9 FEED GRAIN ( 15)
10 HAY/PAST. ( 20)
11 VEGETABLES ( 431
12 SUGARBRRTS ( 26)
13 CROPS NEC ( 251
14 AG SERVICE ( 40)
15 COAL NINES ( 41)
16 OIL/GAS EX ( 331
17 MINING NRC ( 30)
18 RES COMSTR ( 31)
19 CONSTK NEC ( 341
20 LS PRD KFG ( 2)
21 FOOD KFG ( 24)
22 AG INPUTS ( 18)
23 WOOD/PAPER ( 391
24 PRINT/PUBL ( 29)
25 REFINING ( 5)
26 MACH/EQUIP ( 27)
27 MANUFR NEC ( 31)
28 TRANSPORT ( 111
29 COMHUNICAT ( 44)
30 ELECT GEMR ( 23)
31 UTILITIES ( 7)
32 WHOLESALE ( 28)
33 RETAIL ( 38)
34 F/I/R/E ( 351
35 LODGING ( 10)
36 SERVICES ( 36)
37 FOOD/DRINI ( 13)
38 AUTO SRRV ( 32)
39 AKUSEMERTS ( 19)
40 HEALTH SEa ( 22)
41 SCHOOLS ( 161
42 COLLEGES ( 211
43 ASSOC NEC ( 14)
44 FED GOYT ( 42)





















































LVSTl NEC ( 3)
FOOD GRAIN ( 38)
FERD GRAIN ( 43)
HAY /PAST. ( 45)
VEGETABLES ( 44)
SUGARBEETS ( 42)
CROPS NRC ( 21)
AG SERVICB ( 11)
COAL NINRS ( 23)
OIL/GAS EX ( (6)
HINING NBC ( 9)
RES CONSTR ( 25)
COMSTR NEC ( 20)
LS PRD HFG ( 13)
FOOD IIFG ( 35)





HANUFi NEC ( 24)
TRANSPORT ( 14)
COHMUNICAT ( 22)








AUTO SERV ( 28)
AMUSBMENTS ( 11)
HEALTH SEi ( 1)
SCHOOLS ( 6)
COLLEGES ( 4)
ASSOC NRC ( 5)
FED GOVT ( 2)






















































Table 11 presents growth impact multipliers on Colorado
employment (Gray, McKean and Sparling, 1979). These multipliers
show the employment created in a particular industry if all
processing sectors of the Colorado economy expand sales to final
demand by $1 million. The industries whose employment rises
most rapidly when a general economic expansion occurs in Colorado
include: wholesale trade, grade and high schools, retail trade,
restaurants, services, other crops, state and local government,




COLORADO DIRECT AND INDIRECT WATER REQUIREMENTS
AND WATER REQUIREMENTS FOR GENERAL GROWTH
The previous chapter presented what may be appropriately
called the results of traditional applications of the Leontief
interindustry model. In addition to the descriptive analysis and
the attendant development of various multipliers, application of
the model can be extended to other questions. The I/O technique,
because of the detailed analysis of interdepenence among economic
sectors, is readily adaptable to an examination of water resource
use associated with economic activity in the state.
This chapter summarizes the multiplier effects on total
state water withdrawal and consumptive use with increased
(decreased) economic activity in Colorado. Changes in total
state water requirements are related to changes in sales to final
demand for each of the processing sectors.
Multipliers are also shown which represent the water input
and consumption requirements for individual industries when all
as growth impact multipliers (Gray,
processing sectors expand
multipliers are referred to
McKean and Sparling, 1979).
final demand sales. The latter
Water Use Analysis
The water use analysis requires data pertaining to water
withdrawals and consumptive use on a sector-by-sector basis. It
is further required that these data be related to economic
activity on a gallon per dollar basis. These data, particularly
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for consumptive use, are difficult to obtain on a sector-by-
sector basis and for a rather small regional economy. For
example the 1977 and 1982 Census of Manufacturers fails to
provide a cross tabulation of water use with value of sales or
any measure of economic activity. Thus the manufacturing sector
water requirements coefficients are based upon the ratios which
can be derived from the 1972 Census of Manufacturers.
Water use by commercial establishments is very s.all
relative to agriculture, the extractive industries, electricity
generation, and manufacturing. 1 1 Little detailed information is
available from secondary sources for the coamercial sectors and
thus most coefficients are based upon results from our past I/O
surveys (see bibliography and end of this report), a ratio to
current employment, and/or Water Resources Council esti.ates.
The Water Resources Council Report provides
commercial establishments. WRC data also were
no detail among
at variance with
other data sources used in the agricultural and manufacturing
sectors. The primary source for the agricultural sectors was the
Census of Agriculture. Other sources included the Colorado Water
Policy Plan, and publications by the Denver Water Board, Lawrence
Conklin (1974, 1975), Ronda Skaggs (1985), Kenneth Leathers
(1976), Richard Gardner (1983), Norman Dalsted et. ale (1987) and
Robert Young et. ale (1982).
Water use estimates for the extractive sectors are based
mainly on the Census of Mineral Industries. Unfortunately,
11 The only other major water using sector is households.
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disclosure proble.s limit the available data to rather large
regions in some cases. Withdrawal and consumptive use figures
vary considerably among regions and their accuracy for a given
portion of Colorado is questionable.
Estimates of withdrawal and consu.ptive use by sectors were
shown earlier in the introduction in table 2. These water input
and consumption use figures were expressed per dollar of sales by
dividing by the total industry sales estimates provided by
IMPLAN. The resulting water use coefficl.ents are presented in
appendix VII.
Estimates of total withdrawal (excluding system losses) and
total consumptive use of water are valuable froID a descriptive
point of view and provide some gauge of consistency. However,
the I/O model also allows analysis of direct and indirect water
use which parallels the previous discussion of direct and
indirect production. The purpose of such analysis is to isolate
the effect of economic interdependence on total water
requirements. A specific question to be addressed is that of
determining the likely impact of expanding sales to final demand
by any or all of Colorado's processing sectors on state water
requirements. The assessment requires estimation of the direct
plus indirect water requirements per dollar of output delivered
to final demand for each processing sector.
Table 12 shows the type I and type II multipliers for water
withdrawal and for consumptive use. As explained earlier, a type
I multiplier assumes that households are not an interdependent
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part of the economy. Conversely, a type II multiplier includes
households in the interdependency matrix as shown in appendix IV.
A water requirements multiplier shows the gallons of water
required throughout Colorado's economy as the sector listed at
the left in table 12 increases sales to final demand by $1. The
range of values is extreme. For example, a dollars worth of
sales to final demand of hay implies that over 4,000 gallons is
withdrawn throughout Colorado while a dollars worth of sales by
utilities requires only 4.7 gallons (with type II multipliers).
The sectors with the largest direct and indirect withdrawal
requirements are: hay and pasture, feed grains, other crops,
sugarbeets, dairy, ranching, other livestock, vegetables,
hogs/pigs, and feedlots. It is notable that livestock products
manufacturing requires withdrawal of some 186 gallons directly
and indirectly but requires only .012 gallons per dollar of
output directly (see appendix VII). Clearly, the livestock
processing sector creates a demand for water in Colorado through
its backward linked ties to the farm and ranch sectors which
provide its inputs. A similar effect is noted with food
manufacturing which has a direct and indirect water withdrawal
requirement of 30 gallons per dollar of sales to final demand but
directly only requires 3.7 gallons per dollar of output. The
importance of the water multiplier analysis in order to measure
the total water requirement effects of economic expansion are
demonstrated by these examples. Without the measurement of the
backward linked effects from agricultural processors to
36
agricultural producers, the projection of increased water use by
expansion in the agricultural processing sectors would be greatly
understated.
Water consumption multipliers are shown in table 13. Again
a wide range in water consumption rates exists among the sectors.
The largest consumer is hay and pasture with 2,400 gallons
required throughout the economy of Colorado for one dollar of
sales to final demand while finance/insurance/real estate only
creates 1.9 gallons of consumption per dollar of sales to final
demand. The sectors creating the highest direct and indirect
water consumption per dollar of sales to final demand are:
hay/pasture, feed grains, other crops, sugarbeets, dairy, other
livestock, ranching, vegetable producers, hog/pigs, and feedlots.
Among the non agricultural sectors livestock product
manufacturing, other mining, amusements and food manufacturing,
ag services, food and drink and electric generating and stand
out. Several of these sectors have nominal direct water
consumption and create water consumption through indirect effects
on demand created by their factor input sources. Basing
prediction of water consumption on direct water consumption
requirements (appendix VII) which ignores indirect effects will
lead to serious understatement of the water consumed as the
economy expands.














































